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Cell wallYeast adaptation to conditions in which cell wall integrity is compromised mainly relies on the cell
wall integrity (CWI) mitogen-activated protein kinase (MAPK) pathway. Zymolyase, a mixture of cell
wall-digesting enzymes, triggers a peculiar signaling mechanism in which activation of the CWI
pathway is dependent on the high-osmolarity glycerol MAPK pathway. We have identiﬁed inhibitors
of the principal enzyme activities present in zymolyase and tested their effect on the activation of
the MAPK of the CWI pathway, Slt2/Mpk1. Eventually, only b-1,3-glucanase and protease activities
were essential to elicit Slt2 activation and confer lytic power to zymolyase. Moreover, we show that
the osmosensor Hkr1 is required for signaling, being the most upstream element identiﬁed to date.
 2013 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
The commercial preparation zymolyase is a complex enzyme
mixture obtained from a submerged culture of the bacterium Arth-
robacter luteus. Zymolyase shows high activity degrading the cell
wall of various strains of yeast cells, even leading to the cellular
lysis [1]. This effect is attributed to its particular composition
including enzymatic activities which attack different cell wall
polymers. In general, the yeast cell wall is constituted by three
major components: an inner layer of glucans (b-1,3- and b-1,6-glu-
can), chitin (polymer of N-acetylglucosamine) and an outer layer of
mannoproteins. These components must be correctly assembled in
order to build a fully functional structure (for review, see Ref. [2]).
Zymolyase contains enzymes which act on several of these
polymers. The principle enzyme activity is b-1,3-glucan laminarip-
entaohydrolase which degrades cell wall b-1,3-glucan, which gives
rigidity to the cell wall, in combination with other minor b-1,3-glu-canase activity. Protease, mannanase and a recently described
endochitinase [3] are less abundant and act on mannoproteins,
mannan (a highly branched D-mannose polysaccharide) and chitin,
respectively. It is accepted that the combined action of these
enzymes allows for efﬁcient cell wall removal without excluding
other enzymatic activities that might exist in this complex
mixture. In fact, Zlotnik et al. [4] obtained puriﬁed fractions of
zymolyase containing protease or b-1,3-glucanase activities and
demonstrated that both were required to lyse yeast cells.
Signaling pathways, in particular those mediated by mitogen-
activated protein kinases (MAPKs), play a key role in responding
properly to external stimuli or environmental conditions [5]. In
yeast, the cell wall integrity (CWI) MAPK pathway is the main
responsible for maintaining cell wall homeostasis [6]. In fact, when
CWI is compromised an adaptive response is elicited which
includes changes in the yeast transcriptional program [7] and the
cell wall structure (reviewed in [8]). Regulation of this compensa-
tory response is controlled mainly by the MAPK Slt2p/Mpk1p
(hereafter noted as Slt2) through the CWI pathway. Several cell
membrane proteins (Mid2, Wsc1-3 and Mtl1) act as sensors of
the CWI pathway [9]. These sensors interact with the guanine
nucleotide exchange factor (GEF) Rom2, activating the small
GTPase Rho1, which then activates the yeast protein kinase C
(Pkc1). The main role of activated Pkc1 is to trigger activation of
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activates a pair of redundant MAPKKs (Mkk1 and Mkk2), which
phosphorylate the MAPK Slt2. Eventually, the dually
phosphorylated (Thr190/Tyr192) form of Slt2 activates
damage-speciﬁc transcriptional responses mainly through the
Rlm1 transcription factor [6].
We have recently characterized in detail the yeast transcrip-
tional response to the zymolyase-mediated cell wall damage,
which requires the participation of the CWI and the HOG MAPK
pathways [10]. Remarkably, cell wall stress caused by zymolyase
is sensed through the Sho1 branch of the HOG pathway, leading
to the sequential activation (phosphorylation) of the MAPK Slt2,
which in turns activates transcription through the Rlm1 transcrip-
tion factor [11,12]. However, the nature of the cell wall damage
provoked by zymolyase responsible for the peculiar HOG-depen-
dent Slt2 activation has not been yet characterized.
In the present work, we have identiﬁed inhibitors of the four
main enzyme activities present in zymolyase to primary character-
ize their participation on the Slt2 activation caused by this enzyme
cocktail. The study was conducted using the same commercial
preparation which has been previously used to characterize the
transcriptional adaptive response. We found that protease and b-
1,3-glucanase, but not mannanase or chitinase activities, are totally
required for Slt2 activation and cellular lysis. Moreover, signaling
triggered by zymolyase requires Hkr1, one of the putative sensors
of the Sho1 branch of the HOG pathway.
2. Materials and methods
2.1. Strains used and growth conditions
The Saccharomyces cerevisiae strains used in this work were the
BY4741 (MATa; his3D1; leu2D0; met15D0; ura3D0) and the
isogenic mutants hkr1D, msb2D, mid2D and wsc1D (each ORF
replaced by the geneticin resistance-codifying KanMX4 module)
provided by Euroscarf (Germany). S. cerevisiae was grown on YPD
(2% glucose, 2% peptone, 1% yeast extract) or synthetic complete
(SC) medium (0.17% yeast nitrogen base, 0.5% ammonium sulfate,
2% glucose and complete aminoacid mix), when required, adjusted
to pH 6.5 with NaOH. Yeast cells were grown at 24 C.
2.2. Enzyme assays
Different amounts of zymolyase 20T (MP Biomedicals, Inc.)
were used to measure each particular enzyme activity to avoid
the saturation of the reaction. MP Biomedicals deﬁnes 1 U as the
amount of activity causing a decrease in absorbance at 800 nm of
30%. In order to determine the b-1,3-glucanase activity the reaction
mixture consisted of 0.025% laminarin (from Laminaria digitata,
Sigma–Aldrich Co., USA) as substrate and 0.16 U of zymolyase in
0.5 ml of 50 mM phosphate buffer (pH 6.5). Formation of reducing
sugars was determined by the p-hydroxybenzoic acid hydrazide
(PAHBAH) method as previously described [13], with minor modi-
ﬁcations. In brief, reaction samples (100 ll) were mixed with 1 ml
of fresh PAHBAH reagent (1% PAHBAH [Sigma], 0.5 M NaOH,
0.01 M Cl2Ca, 0.05 M trisodium citrate), and heated in a heat block
at 100 C for 5 min to stop enzyme activity. Insoluble materials
were removed by centrifugation, and absorbance, corresponding
to liberation of reducing power, was determined at 410 nm.
Mannanase activity was measured following the same method,
using mannan 0.05% (from S. cerevisiae, Sigma) as substrate and
including 50 lg/ml BSA and 8 U of zymolyase in the reaction.
Protease activity was determined using casein coupled with
resoruﬁn (Universal Protease Substrate from Roche Applied
Science) as substrate following the manufacturer’s recommenda-
tions. By treatment with proteases, resoruﬁn-labeled peptides arereleased from casein resoruﬁn-labeled. Concentration of these
labeled peptides in solution is equivalent to the proteolytic activity
present in the sample analyzed and is measured spectrophotomet-
rically (absorbance at 574 nm). In this opportunity, 1.6 U of zymol-
yase were added to the reaction mix.
Finally, measurement of chitinase activity was carried out using
the ﬂuorogenic substrate for endochitinases 4-methylumbelliferyl-
b-D-N,N0,N00-triacetyl-chitotrioside (Sigma–Aldrich). This enzymatic
activity was determined using microtiter plates (ﬂat bottom)
containing 4 U zymolyase and 20 lg ﬂuorogenic substrate in
100 mM phosphate buffer (pH 6.5) to a ﬁnal volume of 100 ll
per well. Reaction mixtures were incubated for 1 h at 24 C in dark-
ness, after which each reaction was stopped with the addition of
200 ll of 400 mM sodium carbonate. The ﬂuorescence of the re-
leased 4-methylumbelliferone was quantiﬁed using an FL600
microplate ﬂuorescence reader (Bio-Tek Instruments, Inc.) (excita-
tion 360 nm, emission 450 nm).
In all cases a blank reaction was processed in parallel for each
enzymatic determination, including all the components and zym-
olyase thermally inactivated for 15 min at 100 C, in order to deter-
mine the background signal. Experiments were performed at least
in triplicate. When required, reactions were done in McIlvaine’s
buffer pH 4.5 [100 mM citric acid, 200 mM disodium hydrogen
phosphate], instead of phosphate buffer.
2.3. Inhibitor experiments
Inhibition studies for each of the four enzymatic activities of the
zymolyase under study were carried out by pretreatment of 8 U of
zymolyase during 45 min at 24 C with the corresponding inhibitor
in a ﬁnal volume of 100 ll of distilled water. The ﬁnal concentra-
tion for each inhibitor in this premix was: 3,4-dichloroisocoumarin
(DCI) (Sigma–Aldrich) at 0.1 mM; d-gluconolactone (GL) (Sigma–
Aldrich) at 15 mM; ethylenediaminetetraacetic acid (EDTA) pH
8.0 (Ambion) at 2 mM and (ACZ) acetazolamide (Sigma–Aldrich)
at 5 mM. Next, the premix volume containing the amount of zym-
olyase required for each enzymatic determination, as described in
the previous section, was added to the reaction mixture. Enzyme
reactions were done as described previously, but in the reaction
mixture each inhibitor was added at the same concentration indi-
cated above in order to avoid possible reversion of the inhibitory
effect during the reaction.
2.4. Lysis assays
Exponential phase yeast cultures grown in YPD at 24 C were
collected by centrifugation at room temperature, washed twice
with bi-distilled water, and suspended in 50 mM Tris–ClH (pH
7.5) at an optical density of 0.8–0.9 at 660 nm measured in a Spec-
tronic 20D (Milton Roy) spectrophotometer. To 3 ml of cell suspen-
sion in 13 mm  100 mm test tubes, 50 ll of pretreatment
reactions (with or without inhibitors), prepared as described in
Section 2.3 were added (ﬁnal concentration of zymolyase
1.33 U/ml). Additionally, when required, inhibitors were also
added at the same concentration used in the pretreatment mix.
Cellular suspensions were incubated in a water bath kept at
26 C. The samples were vortexed before each determination of
OD660nm (5 min intervals during 1 h). The optical densities were
plotted against time to yield the lysis curves.
2.5. Western blot assays
Yeast cells were grown in SC medium pH 6.5 overnight at 24 C
to an optical density at 600 nm of 0.8–1 (1.5  107 cells/ml). The
culture was then diluted to 0.2 OD600 and grown at 24 C for 4–5 h.
Then, cells from 20 ml of culture media were sedimented by low
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phosphate buffer (pH 6.5) and then exposed to 0.15 U/ml of zym-
olyase during 1 h at 24 C in the presence or absence of the
corresponding inhibitor. In some cases the experiment was done
using YPD or SC as culture media adding zymolyase 0.4 U/ml.
Congo red and Caspofungin were provided by Merck. The proce-
dures used for immunoblot analyses, including cell collection and
lysis, collection of proteins, fractionation by SDS–polyacrylamide
gel electrophoresis, and transfer to nitrocellulose membranes, have
been described previously [11]. Phosphorylated Slt2/Mpk1 was
detected using anti-phospho-p44/p42 MAPK (Thr202/Tyr204; Cell
Signaling Technology, Beverly, MA). To monitor protein loading,
actin levels were determined using mouse anti-actin mAb C4
(ICN Biomedicals, Aurora, OH).
To study the effect of zymolyase treatment on Wsc1 and Mid2
integrity, crude membranes from the wsc1D and mid2D strains
transformed with the plasmids bearing WSC1-HA or MID2-HA
fusions, respectively were prepared as previously described [14].
Wsc1-HA or Mid2-HA and V-ATPase (loading control) were
detected using anti-HA (16B12, Covance) and anti-V-ATPase
(13D11B2, Invitrogen) antibodies, respectively.
3. Results and discussion
3.1. Identiﬁcation of inhibitors of the main enzyme activities present in
zymolyase
The commercial enzymatic cocktail known as zymolyase con-
tains several enzymatic activities, four of which attack different
cell wall polymers. The principal enzyme is b-1,3-laminaripentao-
hydrolase and present in lesser amounts are protease, mannanase
and a recently identiﬁed endochitinase. In order to identify the
enzymatic activities of zymolyase responsible for the damage on
the yeast cell wall that ultimately lead to the activation of the
CWI pathway, we ﬁrst proceeded to develop biochemical assays
to measure the main four enzyme activities cited above. Basically,
glucanase and mannanase activities were determined measuring
reducing sugars released from the b-1,3-linked glucose polymer
laminarin or mannan, respectively; proteolysis of resoruﬁn-labeled
casein was used to analyze protease activity; and ﬁnally, the chiti-
nase activity was determined using the ﬂuorogenic substrate 4MU-
GlcNAc3 (an umbelliferyl-labeled chitin derivate).
Firstly, we proceeded to identify efﬁcient and speciﬁc inhibitors
of each of the four main enzyme activities present in zymolyase.
For this purpose, we tested compounds described at the compre-
hensive enzyme information database BRENDA (http://www.bren-
da-enzymes.info). Eventually, regarding protease inhibitors, the
DCI, a potent broad spectrum protease inhibitor mainly of serine
proteases, was found the most effective compound blocking the
zymolyase protease activity, reducing this activity approximately
by 85% respect to the values observed in the absence of this com-
pound (Fig. 1A). In terms of speciﬁcity, DCI did not affect at all the
glucanase, mannanase and chitinase activities (Fig. 1). For the b-
1,3-glucanase activity we uncovered as good inhibitor the GL, a
glucose analogue that inhibits b-glucosidases in general. In fact,
addition of GL (15 mM) to the reaction mix abolished the release
of reducing sugar from laminarin (Fig. 1B). GL did not affect to
the protease and chitinase activities, however, the mannanase en-
zyme was also completely blocked (Fig 1C). We have unsuccess-
fully searched for alternative potent and speciﬁc glucanase
inhibitors. In fact, we found other potential inhibitors of this activ-
ity as nojirimycin or HgCl2 which also affected to the mannanase
activity (data not shown). Conversely, mannanase could be specif-
ically inhibited by the presence in the reaction of the chelating
agent EDTA (Fig. 1C). This result indicates that divalent metals
are required as co-factors for this mannanase enzyme. In fact,when the enzyme determination was carried out in the presence
of CaCl2, the release of reducing sugar from mannan was slightly
stimulated (data not shown). Finally, chitinase activity was dimin-
ished by 90% of that originally contained in zymolyase using ACZ,
without altering the other enzyme activities (Fig. 1D). This
compound is a well known carbonic anhydrase inhibitor that has
previously been described as a competitive inhibitor of S. cerevisiae
Cts1 and Aspergillus fumigatus ChiA1 chitinases [15,16].
3.2. Protease and glucanase activities of zymolyase are necessary for
activation of the CWI MAPK pathway
The ultimate goal of this study was to evaluate the participation
of the different enzymatic activities in the activation of the adap-
tive response to this compound mediated by the CWI pathway. A
feasible and efﬁcient way to monitor the activation status of this
signaling route is to monitor by Western-blotting the levels of
phosphorylation of the MAPK Slt2, using antibodies that speciﬁ-
cally recognize the activated form (dually-phosphorylated) of this
protein. Therefore, we proceeded to evaluate the effect on the
Slt2 activation of the inhibitors described above. In order to facili-
tate the comparison of the results obtained from enzyme inhibition
with those of Slt2 activation, immunoblot assays were performed
on exponentially growing cells resuspended in phosphate buffer
pH 6.5 in the presence of sub-lethal concentrations of zymolyase
and the corresponding inhibitors during 1 h at 24 C. As shown in
Fig. 2A and B, Slt2 phosphorylation in cells treated with zymolyase
in combination with DCI or GL was severely impaired relative to a
control lacking inhibitor. In contrast, treatment with EDTA or ACZ
did not affect to the phosphorylation levels of Slt2 (Fig. 2C and D).
The effect of DCI and GL was zymolyase-speciﬁc, as they were un-
able to alter signiﬁcantly the CWI pathway activation caused by
the well-known cell wall perturbing agent Congo red which binds
to chitin (Fig. 3).
These results point to the protease and b-1,3-glucanase en-
zymes of the zymolyase cocktail as responsible for the cell wall
damage that triggers the activation of the CWI pathway. It has been
proposed that protease action produces an increment in the poros-
ity of the cell wall enabling the access of the lytic activity, the glu-
canase [4]. Regarding the absolute interdependence of both
enzyme activities on CWI pathway activation, it is conceivable that
a combined effect of both activities on the cell wall architecture
can be responsible for the adaptive response elicited through this
transduction pathway.
3.3. Protease and b-1,3-glucanase inhibitors block lysis of yeast cells by
zymolyase
Since zymolyase treatment, under speciﬁc conditions, ulti-
mately lyse intact yeast cells, we wonder if this effect could be
associated with the enzyme activities that trigger the CWI path-
way. Then, we investigated how the inhibition of each of the four
enzyme activities under study affected to this feature performing
lysis curves. This is the reference method to assess the lytic activity
of zymolyase on intact yeast cells [4], in which the decrease in
optical density of a suspension of yeast cells in buffer including
zymolyase over time is monitored. As shown in Fig. 4, after 1 h
of incubation at 26 C of a cell suspension in Tris–ClH buffer in
presence of zymolyase, the S. cerevisiae wild-type strain BY4741
showed a decrease about 85% of the initial optical density, whereas
in absence of zymolyase, no signiﬁcant variation in turbidity was
observed respect to time zero. When the same experiment was
performed in the presence of each of the inhibitors, we found that
both the DCI and GL completely abolished cellular lysis (Fig. 4).
However, treatment with EDTA or ACZ gave rise to a curve proﬁle
similar to the one obtained in the absence of the inhibitors (Fig. 4).
Fig. 1. Inhibition of cell-wall polymers degrading activities present in zymolyase. Determinations of protease (A), b-1,3-glucanase (B), mannanase (C) and chitinase (D)
activities of zymolyase in the presence of the inhibitors DCI (100 lM), EDTA (2 mM), GL (15 mM), ACZ (5 mM) are shown. Histograms represent the percentage of residual
enzyme activity obtained in the presence of each of the inhibitors tested, taking as 100% of the activity the reaction in absence of inhibitor (control). Each value represents the
mean and standard deviation of at least three independent enzyme reactions.
Fig. 2. Protease and b-1,3-glucanase activities are required for Slt2 activation by
zymolyase. Cell extracts from exponential phase cultures of the BY4714 yeast strain
exposed to zymolyase (0.15 U/ml) in 50 mM phosphate buffer (pH 6.5) for 1 h at
24 C in the presence or absence of the indicated inhibitors were analyzed. Western
blots detecting the phosphorylated form of Slt2 (P-Slt2) and actin as loading control
are shown. ZY (zymolyase), DCI (100 lM), GL (15 mM), EDTA (2 mM), ACZ (5 mM).
Relative phosphorylation (R.P.) of Slt2 in the presence of zymolyase normalized
with respect to the control sample was calculated by densitometric quantiﬁcation
using the software ImageJ.
Fig. 3. DCI and GL do not affect Slt2 phosphorylation caused by Congo red.
Exponential phase cultures of the BY4714 yeast strain exposed to zymolyase (ZY,
0.4 U/ml) or Congo red (CR, 30 lg/ml) in YPD for 1 h at 24 C in the presence or
absence of DCI (100 lM) or GL (15 mM) were processed for immunoblotting.
Western blots detecting Phospho-Slt2 and actin, as loading control, are shown.
3678 J.M. Rodríguez-Peña et al. / FEBS Letters 587 (2013) 3675–3680These results indicate that the lytic effect of zymolyase is
dependent on the protease and b-1,3-glucanase activities, in agree-
ment with a previous report by Zlotnik et al. [4], although in our
study we used directly the commercial preparation of zymolyase
instead of fractions enriched in protease or glucanase activities.
3.4. Inﬂuence of pH on the activation of Slt2 MAPK by zymolyase
We have previously observed a lack of Slt2 activation and the
associated transcriptional response when yeast cells are grown in
synthetic complete medium (SC). Since in our hands the pH of
YPD and SC was about 6.5 and 4.5, respectively, we wanted to
investigate whether this pH variation affected to the relevant enzy-
matic activities of zymolyase, and subsequently to the Slt2 phos-
phorylation. As shown in Fig. 5A, protease and mannanase
activities were severely reduced when the reaction buffer was ad-justed to pH 4.5. In contrast, glucanase activity was not altered, and
the chitinase activity was increased (130% respect the same reac-
tion carried out in standard buffer pH 6.5). Remarkably, an unusual
low optimum pH has been described for the endogenous S. cerevi-
siae chitinase Cts1 [15,17]. As conﬁrmation of the inﬂuence of pH
on zymolyase activity, Slt2 phosphorylation levels were restored
when SC medium adjusted to pH 6.5 was used (Fig. 5B). Moreover,
zymolyase in buffer pH 4.5 was unable to lyse yeast cells (data not
shown). In sum, inhibition of the protease activity at pH 4.5 (as
encountered in SC medium) seems responsible for the inactivation
of zymolyase. This is a crucial methodological aspect to have in
mind when zymolyase is utilized.
3.5. Zymolyase causing damage is sensed by the Hkr1 osmosensor
without affecting the integrity of the cell wall stress sensors Wsc1 and
Mid2
We have previously shown that in contrast to other cell wall
stresses like Congo red or Caspofungin which are detected through
Fig. 4. DCI or GL block cellular lysis by zymolyase. Exponential phase cultures of the
BY4714 yeast strain transferred to Tris–ClH buffer pH 7.5 were exposed to
zymolyase (1.3 U/ml) in the presence or absence of DCI (100 lM), GL (5 mM), EDTA
(2 mM) or ACZ (5 mM) during 1 h. The mixtures were incubated at 26 C in static,
and turbidity (absorbance at 660 nm) was monitored at 5 min intervals after
vortexing the samples. Representative curves lysis are shown. Absorbance data is
indicated as relative to the cellular density measured for each condition at time zero
(set as 100%).
Fig. 5. Slt2 activation by zymolyase is pH dependent. (A) Protease, mannanase, b-
1,3-glucanase and chitinase enzyme determinations (1 h at 24 C) using zymolyase
were carried out in McIlvaine’s buffer pH 4.5. Bars correspond to the % of each
enzyme activity respect to that found in reactions with phosphate buffer pH 6.5 (set
as 100%). Each value represents the mean and standard deviation of at least three
independent enzyme reactions. (B) Slt2 phosphorylation levels in cells treated or
untreated with zymolyase (0.4 U/ml, 1 h at 24 C) in SC medium adjusted to pH 6.5
or 4.5.
Fig. 6. (A) The mucin-like protein Hkr1 is required for Slt2 activation by zymolyase.
Activation of Slt2 after 3 h of treatment with zymolyase (ZY) in exponential phase
cultures in YPD medium at 24 C of the indicated yeast strains was examined.
Western blots detecting phospho-Slt2 and actin, are shown. (B) Western blots of
crude membranes (30 lg of protein) isolated from the wsc1D and mid2D mutants,
grown in the presence or absence (3 h) of zymolyase, expressing single-copy
plasmid pRS416-WSC1HA and pRS416-MID2HA, respectively are shown. Blots were
sequentially probed with monoclonal anti-HA and anti-V-ATPase (loading control)
antibodies. (C) Cell extracts from the hkr1D mutant treated with Congo red (CR,
30 lg/ml) or Caspofungin (CF, 20 ng/ml) in the presence or absence of zymolyase
(ZY, 0.4 U/ml), were obtained and processed as described in A. Relative phosphor-
ylation (R.P.) of Slt2 was calculated with respect to ZY, CR or CF treatment as
described in Fig. 2.
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triggers the sequential activation of the HOG and CWI MAPK path-
ways. The SHO1 branch of the HOG pathway but not the sensors of
CWI pathway seems to be required for this activation [11]. Tate-
bayashi and colleagues [19] identiﬁed a couple of mucin-like pro-
teins, Hkr1 and Msb2, as functionally redundant osmosensors in
the SHO1 branch. Based on these data, we decided to study the
involvement of these two sensors in the signaling response to zym-
olyase. As shown in Fig. 6A, only the absence of HKR1 completely
blocked the hyperphosphorylation of Slt2 by zymolyase, in con-
trast to the unaltered activation of Slt2 observed in the strain lack-
ing MSB2. Therefore, contrary to the case of hyperosmotic stress in
which both mucins participate in the signaling through Sho1 or the
Hkr1-independent activation of the ﬁlamentous growth MAPK
pathway through Msb2 [20], Hkr1 but not Msb2 is linked to cellwall stress signal transduction. Remarkably, a decrease in b-1,3-
glucan synthase activity and b-1,3-glucan levels in hkr1 mutants
has been described [21]. Regarding the mechanism of Hkr1-depen-
dent signaling, it could be similar to that described for Msb2, based
on the protelytic processing of the sensor by the aspartyl protease
Yps1 [22], since zymolyase induces the expression of two genes
coding for aspartyl proteases, YPS3 and YPS6 [10]. Nevertheless,
the participation in this process of the protease of zymolyase,
requiring the glucanase action, cannot be ruled out.
It has been hypothesized that activation of the CWI pathway by
zymolyase would require the Sho1 branch of the HOG MAPK path-
way instead of the CWI sensors because the latter CWI sensors
would be destroyed by zymolyase, which also contains protease
activity [6]. To investigate this, we have analyzed the integrity of
the two main sensors of the CWI pathway, Wsc1 and Mid2, after
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epitope-taggedWsc1 and Mid2 (from low-copy-number plasmids),
in the wsc1D and mid2D strains, respectively, growing in the pres-
ence or absence of zymolyase for 3 h. Crude membranes were pre-
pared, and HA fusion proteins were analyzed by Western blotting.
Zymolyase treatment did not alter the integrity of both proteins as
deduced by the detection of bands corresponding to the expected
apparent molecular mass (120 kDa for Wsc1-HA and >200 kDa
for Mid2-HA) together with the absence of degradation products
(Fig. 6B). Moreover, in hkr1D cells treated with zymolyase plus
Congo red or Caspofungin, which speciﬁcally activate the CWI
pathway in a Mid2 and Wsc1 dependent fashion respectively
[18], Slt2 phosphorylation was not affected (Fig. 6C). These results
indicate that Wsc1 and Mid2 are functional in the presence of zym-
olyase, therefore signaling through Hkr1-Sho1 is not consequence
of alternative mechanisms due to alterations of the CWI sensors.
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